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Abstract  20 

Behavioral evidence shows that anxious individuals tend to be distracted by irrelevant 21 

stimulation not only for threat-related stimuli but also for non-emotional neutral stimuli. These 22 

findings suggest that anxious individuals may have a general impairment of attentional control, 23 

especially inhibition function. However, the neural mechanism underlying the anxiety-related 24 

impairment in attentional control is unclear. Here, in a visual search task with geometric stimuli, 25 

we examined attentional processing of the non-emotional neutral distractor on participants with 26 

different levels of anxiety, using the event-related-potential (ERP) indices of attentional 27 

selection (N2 posterior contralateral [N2pc]) and top-down inhibition (distractor positivity 28 

[Pd]). We found that distractor-evoked Pd amplitudes were negatively correlated with trait-29 

anxiety scores, i.e., the higher the level of anxiety, the worse the ability of attentional inhibition. 30 

In contrast, the amplitudes of distractor-evoked N2pc did not vary with anxiety levels, 31 

suggesting that trait-anxiety level does not affect stimulus-driven attentional capture. We also 32 

observed attentional processing of target stimuli and found that the peak latency of target-33 

evoked N2pc was delayed as anxiety levels rise, suggesting that anxiety impairs the efficiency 34 

of top-down attentional selection of the target. The present study provides direct 35 

neurophysiological evidence for general anxiety-related impairment of attentional control. 36 

Keywords: anxiety, attentional inhibition, ERPs, Pd, visual search, non-emotional 37 

1．Introduction 38 

Trait anxiety describes the relatively stable and enduring tendency to experience anxiety. 39 

Long-term anxiety is reported to impair cognitive function, such as attentional control (Wu & 40 
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Yan, 2017; Osinsky et al., 2012). Previous studies have shown that high-level trait anxiety is 41 

associated with strong interference from task-irrelevant threat distractors, such as angry and 42 

fearful faces, or threat-related words (Bar-Haim et al., 2007; Dennis & Chen, 2009; McTeague 43 

et al., 2011; Gutierrez & Berggren, 2020). Recent research shows that a non-emotional neutral 44 

distractor also triggers stronger interference for individuals with a higher level of anxiety 45 

(Berggren & Derakshan, 2014; Moran & Moser, 2015; Moser et al., 2012; Pacheco-Ungietti et 46 

al., 2010). These findings suggest that trait anxiety is associated with more general attentional 47 

and cognitive control deficits, not just a bias toward negative emotional stimuli. 48 

Most cognitive models of anxiety agree that anxiety disrupts the balance between the 49 

stimulus-driven/bottom-up attention system and the goal-directed/top-down attention system. 50 

For example, attentional control theory puts forward that anxiety increases the bottom-up 51 

attention and reduces the top-down attentional control, especially inhibition function (Eysenck 52 

et al., 2007; Eysenck & Derakshan, 2011). A similar perspective was proposed by Mogg and 53 

Bradley (2018) in their cognitive-motivational framework. Some behavioral evidence supports 54 

that an attentional bias (stimulus-driven attention) towards the salient distractors may contribute 55 

to the stronger interference effect in anxious individuals (Bar-Haim et al., 2007; Moser et al., 56 

2012; Gutierrez & Berggren, 2020). An electroencephalography (EEG) study provides neural 57 

evidence that the non-emotional salient distractor captures more attention of highly anxious 58 

individuals, evoking a larger distractor-evoked N2pc component (contralateral-minus-59 

ipsilateral negative potential, an indicator of attentional selection, Gasper et al, 2018). On the 60 

other hand, anxiety may be associated with reduced top-down attentional control, in which the 61 

inhibitory system plays a crucial part by filtering task-irrelevant information (Gaspelin & Luck, 62 
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2017). Some behavioral findings suggest that impairment in inhibitory control may account for 63 

the larger interference effect associated with high anxiety (Berggren & Derakshan, 2014; 64 

Kalanthroff et al., 2016; Wieser et al., 2009). Yet, relatively few studies report neural 65 

mechanisms underlying the anxiety-related deficit of top-down inhibition. Some functional 66 

magnetic resonance imaging (fMRI) evidence suggests that reduced prefrontal attentional 67 

control is linked to impaired inhibitory control in highly anxious individuals (Basten et al., 2011; 68 

Bishop, 2009). In EEG studies, the Pd component (contralateral-minus-ipsilateral positive 69 

potential) is generally accepted as the direct neural indicator of top-down attentional inhibition 70 

(Gaspelin & Luck, 2017; Sawaki & Luck, 2010; Wang et al., 2016). However, so far no studies 71 

have found direct neurophysiological evidence to support anxiety-related impairment of 72 

attentional inhibition from the Pd, which is a direct indicator of attentional inhibition.  73 

The present study aims to investigate the neural mechanism underlying the anxiety-related 74 

deficits of attentional control in processing a general (i.e., non-emotion-specific) visual 75 

stimulus. We examine attentional processing through specific ERP components, i.e., the N2pc 76 

(attentional selection) and the Pd (attentional inhibition) components (Luck & Hillyard, 1994; 77 

Hickey et al., 2009). We use a visual search paradigm with a task-irrelevant color-singleton 78 

distractor and a changeable target. Specifically, the target was designated as a unique 79 

geometrical shape among the six items, i.e., searching for a diamond in circles or searching for 80 

a circle in diamonds. The shape of target and the color of distractor were randomly switched 81 

between trials. The color distractor may automatically attract spatial attention (evoking the 82 

N2pc), or be suppressed by top-down modulation (evoking the Pd). We examine which process 83 

accounts for the interference effect associated with anxiety: if the distractor-evoked N2pc 84 
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amplitudes increase as anxiety levels rise, it means that anxiety elicits more attentional capture 85 

towards the distractor (i.e., bottom-up attention increases); or if the Pd amplitudes reduce as 86 

anxiety levels rise, it then means that anxiety impairs the inhibition function (i.e., top-down 87 

inhibition decreases). Additionally, we also examine the target-evoked N2pc to investigate 88 

whether top-down attentional selection of the target is affected by anxiety levels. To observe 89 

the correlation between ERP indicators of attentional processing and trait-anxiety level, we 90 

recruited participants with different levels of trait anxiety. 91 

2．Materials and methods 92 

2.1 Ethics statement 93 

The present study was conducted following the tenets of the World Medical Association 94 

Declaration of Helsinki and was approved by the Human Research Ethics Committee of the 95 

Shenzhen Institutes of Advanced Technology (SIAT), Chinese Academy of Sciences. 96 

2.2 Participants 97 

Sixty-six healthy Chinese volunteers (17 females; age: M = 23.34 years, SD = 2.01) 98 

participated in this study. All participants reported normal or corrected-to-normal vision and 99 

normal color vision. All were right-handed, naïve to the purpose of the study, and 100 

provided informed consent before the experiments.  101 

Participants completed the Chinese version of the State-Trait Anxiety Inventory (STAI; 102 

Spielberger et al., 1983) after EEG collection. The trait-anxiety scores ranged from 21 to 67 103 

(mean = 41.77, SD = 11.16). Participants’ trait-anxiety score above 50 was defined as high 104 
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anxiety (n = 18), and scores below 35 as low anxiety (n = 20). The specific STAI cutoffs were 105 

chosen according to previous ERP studies of anxiety (Eldar et al., 2010; Gaspar & McDonald, 106 

2018).  107 

2.3 Stimuli and Procedures 108 

Stimuli were presented on a 100-Hz LCD monitor with a black background that was 109 

viewed from a distance of 60 cm. Figure 1 shows a schematic of the stimuli. A white fixation 110 

cross was continuously visible at the center of the screen during the experiment. Each search 111 

display contained six shapes distributed at equal distances around a virtual circle with a radius 112 

of 7.5° and two of the shapes located on the vertical centerline. The shapes were a diamond (0.9° 113 

by 0.9°) and a circle (1.1° diameter) colored either red or green. Each shape contained a gray 114 

line tilted either 45° or 135°. The target was designated as the unique geometrical shape among 115 

the six items, i.e., a diamond or a circle, which switched randomly between trials. A color-116 

singleton distractor (red or green) appeared during 2/3 of trials (distractor-present trials), in 117 

which one of the non-target items had a different color from others. During the remaining 1/3 118 

of the trials (distractor-absent trials), all items were of the same color. The target could be red 119 

or green. Target and distractor locations varied to produce the following six types of 120 

configurations: lateral target/no distractor (2/9), centerline target/no distractor (1/9), lateral 121 

target/centerline distractor (1/6), centerline target/lateral distractor (1/6), lateral 122 

target/ipsilateral distractor (1/6), and lateral target/contralateral distractor (1/6).  123 

 124 
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  125 

Figure. 1. Stimulus examples. Participants were required to report the tilt of a gray line (45° or 126 

135°) inside the unique target shape (circle or diamond). A color distractor appeared randomly 127 

in 1/3 of the trials.  128 

 129 

On each trial, a search display was presented following an 800- to 1200-ms central fixation. 130 

Participants were instructed to maintain central fixation and report the orientation of the tilted 131 

line within the target as quickly as possible by pressing the left or right buttons. The search 132 

array was presented for 200 ms and response was required within a 2-s time limit after the onset 133 

of the search array. Participants were given auditory feedback if the response was incorrect. 134 

Participants were informed about the possibility of a color distractor and were asked to ignore 135 

it. All the conditions were presented randomly in 1512 trials. 136 

2.4 Behavioral measures 137 

Response times (RTs) were analyzed for the distractor-present and -absent conditions. 138 

Correct trials with RT between 200 and 2000 ms were analyzed. We exclude the trials in which 139 
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participants respond too quickly or slowly. In this study, the average RT was 857 ± 78 ms. The 140 

specific cut-offs (200 ms and 2000 ms) refer to previous studies using similar stimuli and the 141 

average RTs in these studies were also between 800 and 1000 ms (Burra & Kerzel, 2014; 142 

McDonald et al., 2012). The interference effect was calculated by the RT difference between 143 

the distractor-present and distractor-absent conditions.  144 

2.5 EEG recording and analysis 145 

EEG data was acquired from 128 channels (Hydro Cel Geodesic Sensor Net; Electrical 146 

Geodesics, Inc., Eugene, OR) with a sampling rate of 1000 Hz (reference: Cz, impedance < 50 147 

kΩ). Offline EEG processing and analyses were performed in MATLAB using the EEGLAB 148 

toolbox. EEG signals were resampled offline to 250 Hz, filtered with filter cut-offs of 0.1 Hz 149 

and 40 Hz, and re-referenced to the average earlobes (the average of the left and right mastoid 150 

channels). Then independent component analysis (ICA) was performed using EEGLAB’s 151 

BINICA routine using all electrodes, and ICA components associated with eye blinks, 152 

horizontal eye movements and heartbeats were visually identified and removed according to 153 

their spatial, spectral, and temporal properties. Epochs extended from 200 ms before stimulus 154 

onset to 500 ms after stimulus onset, and a 100-ms pre-stimulus window was used for baseline 155 

correction. To further remove the horizontal eye movements in the data, we excluded blinks 156 

and vertical eye movements (Fp1/Fp2 exceeding ± 70 V), horizontal eye movements (F9/F10 157 

channels exceeding ± 30 V). An average of 4.2 % of trials were rejected for all participants.  158 

The N2pc and Pd components were measured as contralateral-minus-ipsilateral (contra-159 

minus-ipsi) difference waves. Distractor-evoked ERPs were extracted from the trials of 160 
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centerline target/lateral distractor (Distractor), and target-evoked N2pc component was 161 

extracted from the trials of centerline distractor/lateral target (Tar-Distra-Pre) or no 162 

distractor/lateral target (Tar-Distra-Abs). We measured the N2pc and Pd components of the 163 

mean waveforms recorded at several electrode sites around PO7 and PO8 (marked by white 164 

dots in Fig. 2B), where these components showed large amplitude. The amplitudes were 165 

calculated as the average value during the time window 20 ms before and after the peak of 166 

averaged N2pc and Pd for all participants (Gaspar & McDonald, 2018; Luck, 2014). The 167 

amplitudes and peak latencies of ERP components were analyzed. The peak latencies of N2pc 168 

and Pd were measured for each participant during the time window of 150-400 ms, which is 169 

the classic time window of N2pc and Pd (Gaspar & McDonald, 2014; Hu et al., 2019).  170 

 171 

3. Results 172 

3.1 Behavioral results 173 

The mean RT of participants was significantly longer in distractor-present trials (886 ms) 174 

than in distractor-absent trials (813 ms, t(66) = 20.210, p < 0.001, Cohen’s d = 2.488), 175 

suggesting a strong interference effect of the distractors. However, there was no significant 176 

correlation between the behavioral interference effect and the levels of trait anxiety (r = 0.057, 177 

p = 0.651; BF10 = 0.107). The behavioral interference effect (i.e., the RT difference between 178 

distractor-present and distractor-absent trials) of the high-anxiety group was numerically 179 

greater than that of the low-anxiety group (77 ± 6 ms vs. 73 ± 8 ms), but the difference between 180 

the two groups failed to reach statistical significance (t(36) = 0.396, p = 0.694, and Cohen’s d 181 
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= 0.129; BF10 = 2.241).  182 

3.2 Distractor evoked both N2pc and Pd 183 

To study the attentional processing of the distractor, we analyzed N2pc and Pd components 184 

elicited by the distracting color singleton. For all participants, the lateral distractor elicited 185 

significant N2pc (256-296 ms) after stimulus presentation (contra-minus-ipsi: -0.431 ± 0.058 186 

μV (mean ± S.E.), t(65) = -7.362, p < 0.001, and Cohen’s d = -0.906; BF10 > 1000; Fig. 2A, red 187 

solid line) and significant Pd (328-368 ms) after stimulus presentation (contra-minus-ipsi: 0.314 188 

± 0.055 μV, t(65) = 5.697, p < 0.001, and Cohen’s d = 0.701; BF10  > 1000; Fig. 2A, red solid 189 

line). The results revealed that the distractor captured attention first and then was suppressed 190 

quickly, in line with previous studies (Burra & Kerzel, 2013; Hilimire & Corballis, 2014; 191 

Hilimire et al., 2011; Hu et al., 2019).  192 

 193 

 194 

Figure. 2. Distractor-evoked ERPs for all participants. (A) Average distractor-evoked ERPs 195 

from all participants (n = 66). ERP waveforms recorded contralaterally and ipsilaterally to the 196 

color singleton distractor are plotted separately in solid black line and dotted gray line. 197 

Contralateral-minus-ipsilateral (contra-ipsi) difference waveforms were shown in the red line. 198 
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The two shaded boxes represent the time window of the distractor-evoked N2pc (256-296 ms) 199 

and Pd (328-368 ms). (B) Topographic maps of N2pc and Pd. The N2pc and Pd components 200 

were mainly distributed over posterior areas. The electrodes where we measured N2pc and Pd 201 

were marked by white dots. 202 

3.3 Distractor-evoked Pd amplitudes were negatively correlated with the level of trait anxiety 203 

Pearson correlation analyses revealed a significant negative correlation between Pd 204 

amplitudes (328-368 ms) and trait-anxiety scores (r = -0.327, p = 0.007; BF10 = 3.441; Fig. 3A), 205 

i.e., Pd amplitude decreased with the increasing level of trait anxiety. In contrast, there was no 206 

significant correlation between N2pc amplitudes (238-306 ms) and trait-anxiety scores (r = -207 

0.002, p = 0.986; BF10 = 0.097; Fig. 3B). Besides, analysis of statistical difference between the 208 

two correlations showed that the correlation between Pd amplitudes and anxiety scores was 209 

significantly higher than that between N2pc amplitudes and anxiety scores (z = -1.886, p = 0.03, 210 

refer to the method in Eid et al., 2011). The correlation results showed that the amplitudes of 211 

the Pd, but not N2pc, were correlated with trait-anxiety scores, which suggests that the higher 212 

the level of anxiety, the worse the ability of attentional inhibition. We didn’t find significant 213 

correlation between trait-anxiety scores and peak latencies of distractor-evoked N2pc (286 ± 5 214 

ms, r = 0.161, p = 0.194; BF10 = 0.222) or Pd (301 ± 10 ms, r = -0.212, p = 0.09; BF10 = 0.414). 215 

 216 
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 217 

Figure. 3. Distractor-evoked ERPs and their correlations with trait-anxiety scores. (A) 218 

Correlation between trait-anxiety scores and N2pc amplitudes for all participants. (B) 219 

Correlation between trait-anxiety scores and Pd amplitudes for all participants. (C) Statistical 220 

significance of correlations between distractor-evoked contralateral-minus-ipsilateral 221 

difference ERP and trait-anxiety scores at each electrode site on the left hemisphere (similar 222 

results for the right hemisphere). Pearson correlations were carried out with a sliding window 223 

of 20 ms and a step of 4 ms. Different colors were used to indicate the significance levels (refer 224 

to the color bar). Topographic map of p values of correlations between the Pd interval (328-368 225 

ms) and trait-anxiety scores in the right panel. The electrodes where we measured Pd were 226 

marked by white dots. 227 

 228 
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Further, we examined the correlations between amplitudes of distractor-evoked difference 229 

ERP and trait-anxiety scores at each electrode site in the interval of -100 ms to 500 ms (Fig. 3C, 230 

left panel). We found that the time range of significant correlations on the posterior electrodes 231 

fit well with the Pd time window (about 300-380 ms). And a p-value map of correlations during 232 

the Pd time window also showed that significant correlations were concentrated on the posterior 233 

electrodes (Fig. 3C, right panel). In sum, the correlation results from 0 to 500 ms on the whole 234 

brain suggest that only the Pd component was significantly correlated with trait anxiety scores.  235 

3.4 Peak latency of target-evoked N2pc was positively correlated with the level of trait anxiety 236 

We also analyzed the target-evoked ERP. The lateral target elicited significant N2pc (260-237 

300 ms) in both distractor-absent (Tar-Distra-Abs: -0.567 ± 0.077 μV, t(65) = -7.352, p < 0.001, 238 

and Cohen’s d = -0.905; BF10 >1000; Fig. 4A, red solid line) and distractor-present conditions 239 

(Tar-Distra-Pre: -0.183 ± 0.044 μV, t(65) = -4.111, p < 0.001, and Cohen’s d = -0.506; BF10 = 240 

273.776; Fig. 4A, blue solid line). We didn’t find significant correlation between trait-anxiety 241 

scores and amplitudes of target-evoked N2pc in either distractor-absent condition (r = 0.166, p 242 

= 0.180; BF10 = 0.234) or distractor-present condition (r = 0.054, p = 0.662; BF10 = 0.106). 243 

However, there was a significant correlation between trait-anxiety scores and peak latencies of 244 

target-evoked N2pc in distractor-absent condition (296 ± 5 ms, r = 0.358, p = 0.003; BF10 = 245 

7.355; Fig. 4C), while no significant correlation in distractor-absent condition (290 ± 10 ms, r 246 

= 0.028, p = 0.822; BF10 = 0.099). Fig. 4D showed p values of correlations between trait-anxiety 247 

scores and target-evoked negative peak latency from 150 to 400 ms at each electrode site in 248 

distractor-absent condition.  249 

 250 
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 251 

Figure. 4. Target-evoked ERPs and their correlations with trait-anxiety scores. (A) 252 

Contralateral-minus-ipsilateral difference waveforms of the target in distractor-absent (Tar-253 

Distra-Abs, red line) condition and distractor-present condition (Tar-Distra-Pre, blue line), and 254 

of the distractor (black dot line). (B) Topographic maps of the target-evoked N2pc in distractor-255 

absent and distractor-present conditions. The electrodes where we measured the N2pc were 256 

marked by white dots. (C) Correlation between trait-anxiety scores and peak latencies of the 257 

N2pc for all participants. The peak latency was the latency of the smallest value during 100-258 

400 ms. (D) Topographic map of p-values of the correlations between peak latencies of the 259 

N2pc and trait-anxiety scores. The electrodes where we measured the Pd were marked by white 260 

dots. 261 
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3.5 Comparisons between high and low anxiety groups 262 

Most of previous ERP studies on anxiety have investigated differences between high and 263 

low anxiety groups (e.g., Eldar et al., 2010; Gaspar & McDonald, 2018). Therefore, we 264 

analyzed the data from participants whose trait-anxiety scores were above 50 (n = 18, high-265 

anxiety group) or below 35 (n = 20, low-anxiety group) to directly compare ERP differences 266 

between high and low anxiety groups. Based on the findings of correlation analysis, we 267 

analyzed the differences between the two groups in these anxiety-related indicators. 268 

As shown in Fig. 5A, C and E, the Pd amplitude difference between the high- and low- 269 

anxiety groups was significant (t(36) = 2.712, p = 0.010, and Cohen’s d = 0.881; BF10 = 6.810; 270 

Fig. 5A): a significant Pd was found in the low-anxiety group (0.528 ± 0.058 μV, t(19) = 5.047; 271 

p < 0.001, Cohen’s d = 1.129; BF10 = 432.046; Fig. 5A, red solid line) while there was no 272 

significant Pd component in the high-anxiety group (0.126 ± 0.054 μV, t(17) = 1.212; p = 0.242, 273 

Cohen’s d = 0.286; BF10 = 1.620; Fig. 5A, blue solid line). In contrast, there was no significant 274 

difference in N2pc amplitudes between the two groups (-0.460 ± 0.058 μV vs. -0.490 ± 0.043 275 

μV, t(36) = 0.222; p = 0.825, and Cohen’s d = 0.072; BF10 = 2.345; Fig. 5A), suggesting that the 276 

distractor captured attention to a similar degree for the two groups. The results suggest that the 277 

difference between the high- and low-anxiety groups is mainly reflected in the top-down 278 

inhibition process of attention, not the bottom-up attentional process. 279 

Fig. 5B, D, and F showed target-evoked ERPs in the distractor-absent condition for the 280 

high- and low-anxiety groups. We found that the peak latency of N2pc was significantly 281 

different between the two groups (t(36) = -2.786, p = 0.008, and Cohen’s d = -0.905; BF10 = 282 

7.814; Fig. 5B): an earlier N2pc was found in the low-anxiety group (282.200 ± 6.294 ms) and 283 
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a later one in the high-anxiety group (320.889 ± 3.786 ms). There was no significant difference 284 

in the amplitude of N2pc component (256-296 ms) between the two groups (t(36) = -1.057, p 285 

= 0.297, and Cohen’s d = -0.343; BF10 = 1.503). The results suggest that high-anxiety 286 

individuals take a longer time to attend the target compared to low-anxiety individuals. 287 

 288 

 289 

Figure 5. Significant ERPs difference between the high- and low-anxiety groups. Contralateral-290 

minus-ipsilateral difference waveforms of the distractor (A) and the target (B) in distractor-291 

absent condition for the low-anxiety (n = 20) and high-anxiety groups (n = 18). The results 292 

showed that the Pd was non-significant in the high-anxiety group while it was robust in the low-293 
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anxiety group. Peak latency of target-evoked N2pc in distractor-absent trials was significantly 294 

delayed for the high-anxiety group compared with that for the low-anxiety group. Average ERP 295 

signals triggered by the lateral salient distractor for the low-anxiety (C) and high-anxiety (E) 296 

groups, and by the lateral target in distractor-absent condition for the low-anxiety (D) and high-297 

anxiety (F) groups.   298 

3.6 Internal consistency reliability of behavioral and ERP measures 299 

Internal consistency reliability of behavioral and ERP measures was examined with a split-300 

half approach, where the correlation between averages of odd- and even-numbered trials was 301 

determined and corrected using the Spearman-Brown prophecy formula (Nunnally, Bernstein, 302 

& Berge, 1967). The Spearman-Brown corrected correlations of behavioral and ERP measures 303 

were all significant (all r > 0.907, all ps < 0.001). We also examined the internal consistency 304 

reliability of trait anxiety report. Cronbach's alpha for the STAI (trait anxiety scores) was 0.922. 305 

These results indicated that internal consistency reliability across all analytic strategies was 306 

acceptable to good. 307 

 308 

4.  Discussion 309 

The present study investigates the neural mechanism underlying anxiety-related 310 

attentional impairment by recording high-resolution EEG in a visual search task with 311 

unpredictable targets and distractors. The relationships of trait-anxiety scores and ERP 312 

components N2pc and Pd were concerned. The N2pc is the marker of attentional selection 313 

(Eimer, 1996; Hickey et al., 2006), and the Pd is the marker of attentional inhibition (Hickey et 314 

al., 2009; Sawaki & Luck, 2010). We found a negative correlation between trait-anxiety scores 315 
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and distractor-evoked Pd amplitudes, that is, the higher the level of anxiety, the worse the 316 

attentional inhibition. In contrast, there was no significant correlation between anxiety scores 317 

and distractor-evoked N2pc amplitudes. Further, we compared the distractor-evoked ERPs of 318 

the high- and low-anxiety groups. The results showed that the Pd was non-significant in the 319 

high-anxiety group while it was robust in the low-anxiety group. In contrast, the N2pc did not 320 

differ between the two groups.  In addition, we also found a positive correlation between trait-321 

anxiety scores and the peak latencies of target-evoked N2pc when the distractor was absent, 322 

suggesting that higher-level anxiety may induce delayed attentional selection of the target. In 323 

sum, the present findings suggest that an individual’s ability in attentional inhibition of the 324 

distractor and attentional selection of the target correlates with trait anxiety level.  325 

A novel and crucial finding of our study is that we found direct neurophysiological 326 

evidence for impairments in attentional inhibition in anxiety. That is, the amplitude of 327 

distractor-evoked Pd decreases with trait-anxiety levels, which means that individuals with 328 

higher-level anxiety have more difficulty inhibiting task-irrelevant information. Although 329 

behavioral studies and anxiety-related theories suggest anxiety disrupts attentional inhibition, 330 

the neural correlates are far less understood (Berggren & Derakshan, 2013). Our findings 331 

suggest that anxiety disrupts the ability to inhibit task-irrelevant information and the degree of 332 

anxiety-related impairment in the attentional inhibition could be quantitatively assessed using 333 

the Pd component. 334 

We observed distractor-evoked N2pc and the following Pd in a visual search task with 335 

unpredictable targets and distractors which changed shape and color from trial to trial. The 336 

finding is consistent with previous studies (Burra & Kerzel, 2013; Hilimire & Corballis, 2014; 337 
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Hilimire et al., 2011). If a target or a distractor has a fixed feature (i.e., it is predictable), the 338 

distractor-evoked N2pc would decrease or disappear (Feldmann-Wüstefeld & Anna Schubö, 339 

2016; Gaspar & McDonald, 2014; Hilimire & Corballis, 2014; Jannati et al., 2013). A recent 340 

study found that the predictability of a distractor could also reduce the amplitude of Pd (van 341 

Moorselaar et al., 2020). On the contrary, unpredictability could bring robust the N2pc and the 342 

Pd. Thus in our task, we observed distractor processing, including attentional capture and 343 

inhibition indexed by the N2pc and Pd. 344 

Our finding of a difference in distractor-evoked Pd instead of N2pc between the high- and 345 

low-anxiety groups seems to be inconsistent with a previous study (Gaspar & McDonald, 2018). 346 

However, we think that the two findings are not necessarily contradictory. In their study, the 347 

target and distractor were predictable. They found that the distractor-evoked N2pc was not 348 

observed in the low-anxiety group while the N2pc appeared in the high-anxiety group. Under a 349 

paradigm with predictable stimuli, the main difference in attentional processing induced by 350 

anxiety lies in the process of bottom-up attention. In our study, robust N2pc and Pd components 351 

were observed in both high- and low-anxiety groups as the target and distractor were both 352 

unpredictable. The unpredictability of stimuli accounts for our findings that attention capture 353 

by the distractor was hard to suppress proactively for both groups (i.e., evoking the N2pc) and 354 

then a strong subsequent attentional inhibition was required (i.e., evoking the Pd). Therefore, 355 

anxiety-related impairment in attention mainly exhibits in the process of top-down inhibition, 356 

thus the Pd disappeared in the high-anxiety group. We speculate that both bottom-up and top-357 

down processes play an important role in the anxiety-related interference effect, with the weight 358 

of the processes varying under different requirements of attentional inhibition. 359 
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In terms of behavioral performance, anxiety levels did not seem to significantly affect 360 

behavioral interference effect. Nevertheless, the trend toward greater interference in the high 361 

anxiety group is consistent with the present ERP finding of impaired Pd component in the high 362 

anxiety group. In fact, difference in statistical significance between behavioral performance and 363 

brain activities was also reported in previous studies (e.g., Harris et al., 2020; Gasper et al., 364 

2018). One possible reason is that behavioral results are the output of complex multiple 365 

processes, whereas EEG measures reflect more direct processing. 366 

Another interesting finding is that attentional selection of the target slows down in 367 

individuals with high-level anxiety, reflected in a delayed latency of target-evoked N2pc, which 368 

is considered to represent the speed of attentional selection (Foster et al., 2020; Bachman et al., 369 

2020). Findings from previous studies suggest that it is not consistent in anxiety-related 370 

impairments of N2pc evoked by a non-emotional target. Some evidence shows that the 371 

amplitude of neutral-target-evoked N2pc decreased with the increase of anxiety level (Moran 372 

& Moser, 2015), while some research did not find a significant change in the N2pc (Gaspar & 373 

McDonald, 2018). Here we find that the peak latencies of N2pc positively correlates with trait-374 

anxiety levels. A trend of delayed target-evoked N2pc in high anxiety group was also reported 375 

by Gaspar & McDonald (2018) even though the result failed to reach significance. The findings 376 

suggest that anxiety affects the efficiency of top-down attentional selection of the target. 377 

The findings of the present study contribute to anxiety-related theories in two ways. First, 378 

top-down attentional inhibition is a core function of attentional control, which is highlighted in 379 

most cognitive models of anxiety. In EEG studies, the Pd component is considered a direct 380 

marker of top-down inhibition. For the first time, we find that the Pd reduces as a function of 381 
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trait anxiety. The correlation between Pd amplitudes and levels of anxiety provides quantitative 382 

data for the updating of anxiety-related theories. Second, increasing behavioral evidence shows 383 

that anxious individuals tend to be distracted by irrelevant stimulation not only for threat-related 384 

stimuli but also for non-emotional neutral stimuli anxiety (Moser et al., 2012). Based on these 385 

findings, some anxiety-related theories propose that anxiety is linked to a general impairment 386 

of the attentional system (Eysenck & Derakshan, 2011). Our EEG findings with non-emotional 387 

stimuli suggest that the anxiety-related deficit is a general attentional dysfunction, specifically 388 

in attentional inhibition. In addition, our new finding of anxiety delays the attentional selection 389 

of a non-emotional target have implications for updating theories about anxiety. 390 

 391 

5.  Conclusions 392 

In summary, the present ERP study provides direct neurophysiological evidence that 393 

anxiety is associated with a general impairment in attentional control, especially in attentional 394 

inhibition. The present finding provides access to the mechanisms underlying the anxiety-395 

related impairments in attentional control: high anxiety disrupts attentional inhibition of the 396 

distractor (indexed by the Pd) and the efficiency of top-down attention selection of the target 397 

(indexed by the N2pc). We believe that the N2pc and Pd components may be potential 398 

neurophysiological indicators for the degree of attentional impairment in anxiety disorders. 399 

Future work will recruit more participants, including anxiety patients, to investigate anxiety-400 

related attention disorders. 401 
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